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MotB is an essential component of the proton motive force-driven bacterial
ﬂagellar motor. It binds to the stress-bearing layer of peptidoglycan in the
periplasm, anchoring the MotA/MotB stator unit to the cell wall. Proton ﬂow
through the channel formed by the transmembrane helices of MotA and MotB
generates the turning force (torque) applied to the rotor. Crystals of
recombinant Helicobacter pylori MotB have been obtained by the sitting-drop
vapour-diffusion method using ammonium sulfate as a precipitant. These
crystals belong to space group P41212 or its enantiomorph P43212, with unit-cell
parameters a = 75.2, b = 75.2, c = 124.7 A ˚ . The asymmetric unit appears to
contain one subunit, corresponding to a packing density of 3.4 A ˚ 3 Da
 1.T h e
crystals diffract X-rays to at least 1.8 A ˚ resolution on a synchrotron-radiation
source.
1. Introduction
Many bacteria swim through ﬂuids by rotating their helical ﬂagella
using membrane-embedded molecular rotary motors (DeRosier,
1998; Blair, 2003). Rotation of the bacterial ﬂagellar motor is
powered by the proton motive force (pmf) or, in the case of alkalo-
philes and marine Vibrio species, sodium motive force (Manson et al.,
1977; Hirota & Imae, 1983). In pmf-driven motors, the proton ﬂow
through the stator ring formed by the proteins MotA and MotB
generates the turning force (torque) applied to the rotor via an as yet
unknown molecular mechanism. The proton channel is formed by the
transmembrane (TM) helices of MotA and MotB (Zhou et al., 1998;
Blair, 2003). MotB has a short N-terminal cytoplasmic segment, a
single TM  -helix and a large periplasmic domain which shares
homology with outer membrane protein A-like domains and is
therefore believed to bind to the highly cross-linked stress-bearing
layer of peptidoglycan of the cell wall (Chun & Parkinson, 1988;
DeMot & Vanderleydon, 1994).
Motility by ﬂagellar motor is essential for the virulence of many
pathogenic bacteria, including Helicobacter pylori, a Gram-negative
bacterium that colonizes the stomachs of roughly 50% of the world’s
population (Covacci et al., 1999). H. pylori has a tuft of 4–6 ﬂagella at
one end of the cell body that help it drill into the mucus layer of the
stomach (Yoshiyama & Nakazawa, 2000). Motility is required during
initial colonization (Eaton et al., 1992) and to attain full infection
levels (Ottemann & Lowenthal, 2002). H. pylori infection has been
linked to gastric inﬂammation and peptic ulcers and is a risk factor for
gastric cancer (Uemura et al., 2001). H. pylori possesses a single motB
gene (Tomb et al., 1997), in-frame deletion of which creates ﬂagel-
lated nonmotile H. pylori mutants that show a reduced ability to
infect mice (Ottemann & Lowenthal, 2002).
In order to elucidate the molecular mechanism by which MotB
molecules associate within the stator unit and attach themselves to
peptidoglycan, crystallographic studies have been initiated on this
protein. The crystallization of a 132-residue C-terminal fragment of
H. pylori MotB has recently been reported (Roujeinikova, 2008). In
this paper, the cloning, overexpression, puriﬁcation, crystallization
and preliminary X-ray diffraction analysis of the full-length protein
are described.
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2.1. Cloning and overexpression
The gene encoding H. pylori MotB (256 residues) was PCR-
ampliﬁed from genomic DNA of H. pylori strain 26695 using the
HotStar HiFidelity Polymerase kit (Qiagen) and primers CACCG-
CTAAGAAAAACAAACCCACCGAATG (forward) and TCATT-
CTTGCTGTTTGTGGGGATTG (reverse). The ampliﬁed fragment
was cloned into the pET151/D-TOPO vector using the TOPO cloning
kit (Invitrogen) to produce an expression vector featuring an
N-terminal His6 tag followed by the linker GKPIPNPLLGLDST-
ENLYFQGIDPFT. The expression clone was conﬁrmed by DNA
sequencing. The vector was then transformed into Escherichia coli
strain BL21 (Novagen). Cells were grown in LB medium containing
100 mg l
 1 ampicillin at 310 K until an OD600 of 0.6 was reached, at
which point overexpression of MotB was induced by adding 1 mM
IPTG and growth was continued for a further 3 h. The cells were then
harvested by centrifugation at 6000g for 20 min at 277 K.
2.2. Purification
Cells were lysed by sonication in a buffer containing 50 mM
sodium phosphate pH 7.4, 100 mMNaCl and1 mMPMSF. Cell debris
was removed by centrifugation at 10 000g for 20 min. The membrane
fraction was isolated by centrifugation at 100 000g for 2 h at 277 K.
Western blot analysis was carried out on the membrane and soluble
fractions using a WesternBreeze Chemiluminescent Detection kit
(Invitrogen) with an anti-His-tag antibody (Sigma). The protein was
mainly found in the soluble fraction. NaCl and imidazole were added
to the soluble fraction to ﬁnal concentrations of 500 and 10 mM,
respectively, after which the supernatant was loaded onto a 5 ml Hi-
Trap Chelating HP column (GE Healthcare) pre-washed with buffer
A (20 mM sodium phosphate pH 7.4, 500 mM NaCl, 10 mM imida-
zole, 1 mM PMSF). The column was washed with 20 column volumes
of buffer B (20 mM sodium phosphate pH 7.4, 500 mM NaCl, 80 mM
imidazole) and the protein was eluted with buffer B containing
500 mM imidazole. The peak fractions were pooled and concentrated
to 0.5 ml in a Vivaspin 10 000 Da molecular-weight cutoff concen-
trator and loaded onto a Superdex 75 HiLoad 26/60 gel-ﬁltration
column (GE Healthcare) equilibrated with 50 mM Tris–HCl pH 8.0,
200 mM NaCl. Analysis of the gel-ﬁltration trace (not shown)
suggested that MotB is mostly dimeric, with a tendency to form
higher oligomers. The fractions containing MotB were identiﬁed
using SDS–PAGE, pooled and dialysed overnight against 50 mM
Tris–HCl pH 8.0. The purity of MotB was estimated to be greater
than 95% (Fig. 1a). The protein migrates on SDS–PAGE with an
apparent molecular weight of 32 kDa, which is close to the value
calculated from the amino-acid sequence (28.8 kDa native protein
plus 2.7 kDa N-terminal tag peptide).
2.3. Crystallization and preliminary X-ray analysis
Prior to crystallization, the protein solution in 50 mM Tris–HCl pH
8.0 was concentrated to 16 mg ml
 1 (based on the Bradford assay;
Bradford, 1976) and centrifuged for 20 min at 13 000g to clarify the
solution. Initial screening of crystallization conditions was carried out
by the sitting-drop vapour-diffusion method using an automated
Phoenix crystallization robot (Art Robbins Instruments) and Crystal
Screen, Crystal Screen 2 and PEG/Ion Screen (Hampton Research).
The initial crystallization droplets contained 100 nl protein solution
mixed with 100 nl reservoir solution and were equilibrated against
100 ml reservoir solution in a 96-well Intelliplate (Art Robbins
Instruments). Crystals appeared after three weeks from condition No.
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Figure 1
(a) SDS–PAGE (12%) analysis of puriﬁed recombinant H. pylori MotB (lane 2).
Lane 1, PageRuler protein ladder (Fermentas; labelled in kDa). (b) Crystals of
H. pylori MotB. (c) A representative 0.5  oscillation image of data collected from a
MotB crystal using an ADSC Quantum 315r CCD detector on station ID14-4,
ESRF, France. The magniﬁed rectangle shows diffraction spots at a resolution of
2.0 A ˚ . The resolution rings lie at 6.2, 3.1, 2.1 and 1.6 A ˚ .23 of Crystal Screen 2, which contained 1.6 M ammonium sulfate,
100 mM MES monohydrate pH 6.5 and 10%(v/v) 1,4-dioxane.
Reﬁnement of this condition yielded the optimized composition of
the reservoir solution, consisting of 2.1 M ammonium sulfate,
100 mM MES monohydrate pH 6.5 and 2.5%(v/v) 1,4-dioxane.
Crystals (Fig. 1b) of maximum dimensions 0.3   0.3   0.4 mm were
obtained using drops containing 3 ml protein solution mixed with 3 ml
reservoir solution and equilibrated against 500 ml reservoir solution
at 293 K. For data collection, crystals were ﬂash-cooled to 100 K after
soaking in a cryoprotectant solution consisting of the reservoir
solution supplemented with 25%(v/v) glycerol. An X-ray data set was
collected from the cryocooled native crystal to 1.8 A ˚ resolution
(Fig. 1c) on ESRF beamline ID14-4 (Grenoble, France). A total of
360 images were collected using a 0.5  oscillation width. All data were
processed and scaled using the programs MOSFLM (Leslie, 1992)
and SCALA (Collaborative Computational Project, Number 4, 1994).
The statistics of data collection are summarized in Table 1.
3. Results and discussion
Autoindexing of the diffraction data using MOSFLM is consistent
with a primitive tetragonal crystal system, class 422, with unit-cell
parameters a = 75.2, b = 75.2, c = 124.7 A ˚ . The diffraction patterns
were examined using the program HKLVIEW (Collaborative
Computational Project, Number 4, 1994). Systematic absences were
observed along the a* and c* axes, with only reﬂections with h =2 n
and l =4 n, respectively, appearing to be present, which suggested that
the crystals belong to one of the enantiomorphic space groups P41212
or P43212. Calculations of the Matthews coefﬁcient (Matthews, 1977)
suggested that the asymmetric unit is very likely to contain one
molecule, with a VM value of 3.4 A ˚ 3 Da
 1.
In a search for a suitable model for the molecular-replacement
approach, a BLAST sequence-similarity search against the structures
deposited in the Protein Data Bank was carried out. One molecule
with a moderate degree of homology to the C-terminal part of MotB
has been identiﬁed. The 109-residue periplasmic domain of
peptidoglycan-associated lipoprotein (PAL) from E. coli (PDB code
2aiz; Parsons et al., 2006) and the putative peptidoglycan-binding
domain of MotB (residues 125–256) share 26% sequence identity in a
102-residue overlap. However, the search model based on the PAL
fragment would only constitute 43% of the full-length MotB struc-
ture. Given the limited level of sequence identity, the molecular-
replacement approach with this model was not used. Our efforts are
currently being directed towards identifying heavy-atom derivatives
and the solution of the structure using the multiwavelength anom-
alous dispersion or multiple isomorphous replacement methods.
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Table 1
Data-collection statistics.
Values in parentheses are for the highest resolution shell.
Wavelength (A ˚ )1 . 0
Resolution range (A ˚ ) 20–1.8 (1.9–1.8)
Completeness (%) 91 (91)
Observed reﬂections 162389
Unique reﬂections 30716
Mean I/ (I) 16.8 (3.5)
Rmerge† 0.062 (0.331)
† Rmerge =
P
hkl
P
i jIiðhklÞ h IðhklÞij=
P
hkl
P
i IiðhklÞ, where Ii(hkl) is the intensity of
the ith observation of reﬂection hkl.